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(g) Processes for the diastereo-selective synthesis of nucleosides. 

(g) The present invention relates to highly diastereoselective processes for production of cis-nucieotides 
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FIELD OF THE INVENTION 

The present invention relates to diastereoselective processes for preparing optically active cis-nucleosides 
and nucleoside analogues and derivatives. The novel processes of this invention allow the stereo-controlled 
5 synthesis of a given enantiomer of a desired cis-nucleoside or nucleoside analogue or derivative in high optical 
purity. This invention also relates to novel intermediates useful in the processes of this invention. 

BACKGROUND OF THE INVENTION 

10 Nucleosides and their analogues and derivatives are an important class of therapeutic agents. For exam- 
ple, a number of nucleosides have shown antiviral activity against retroviruses such as human immunodefi- 
ciency virus (HIV), hepatitis B virus (HBV) and human T-lymphotropic virus (HTLV) (PCT publication WO 
89/04662,and European Patent publication 0349242 A2). Among the nucleosides shown to have antiviral ac- 
tivity are 3'-azido-3'-deoxythymidine (AZT) and 2'3'-dideoxycytidine (DDC). 

15 Most nucleosides and nucleoside analogues and derivatives contain at least two chiral centers (shown as 
* in formula (A)), and exist in the form of two pairs of optical isomers (i.e., two in the c/s-configuration and two 
in the trans- configuration). However, generally only the c/s-isomers exhibit useful biological activity. 



20 




25 

Different enantiomeric forms of the same cis-nucleoside may, however, have very different antiviral activities. 
M.M. Mansuri et al., "Preparation of The Geometric Isomers Of DDC, DDA, D4C and D4T As Potential Anti- 
HIV Agents", Bioorg.Med.Chem. Lett , 1 (1), pp. 65-68 (1991). Therefore, a general and economically attractive 
stereoselective synthesis of the enantiomers of the biologically active c/s-nucleosides is an important goal. 

30 Many of the known processes for producing optically active nucleosides and their analogues and deriva- 
tives modify naturally occurring (i.e., optically active) nucleosides by altering the base or by altering the sugar 
via reductive procedures such as deoxygenation or radical initiated reductions. C.K. Chu et al., "General Syn- 
thesis Of 2',3'-Dideoxynucleosides And 2\3'-Didehydro-2',3'-Dideoxynucleosides,° J.Org.Chem. , 54, pp. 
2217-2225 (1989). These transformations involve multiple steps, including protection and deprotection and 

35 usually result in low yields. Moreover, they begin with and maintain the optical activity of the starting nucleoside. 
Thus, the nucleosides produced by these processes are limited to specific analogues of the enantiomeric form 
of the naturally occurring nucleoside. In addition, these procedures require the availability of the naturally oc- 
curring nucleoside, often an expensive starting material. 

Other known processes for producing optically active nucleosides rely on conventional glycosylate pro- 

40 cedures to add the sugar to the base. These procedures invariably give anomeric mixtures of c/s-and trans- 
isomers which require tedious separation and result in lower yields of the desired biologically active c/s-nu- 
cleoside. Improved glycosylate methods designed to yield only the c/s-nucleoside require addition of a 2'- or 
3'-substituent to the sugar. Because the 2'- or 3'-substituent is only useful in controlling c/s-nucleoside syn- 
thesis in one configuration (when the 2' or 3' substituent is trans-io the 4' substituent), multiple steps are re- 

45 quired to introduce this substituent in the proper configuration. The 2'- or 3'-substituent must then be removed 
after glycosylate, requiring additional steps. L Wilson and D. Liotta, "A General Method For Controlling Ster- 
eochemistry In The Synthesis Of 2'-Deoxyribose Nucleosides", Tetrahedron Lett. , 31, pp. 1815-1818 (1990). 
Furthermore, to obtain an optically pure nucleoside product, the starting sugar must be optically pure. This also 
requires a series of time-consuming syntheses and purification steps. 

so 

SUMMARY OF THE INVENTION 

The present invention overcomes the difficulties and shortcomings of the prior art and provides processes 
for producing optically active c/s-nucleotides and nucleoside analogues and derivatives of formula (I) 

55 
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wherein W is O, S, S=0, S0 2 , NZ, or CH 2 ; 

X is 0, S, S=0. S0 2 , NZ, CH 2 CHF, CH, CHN 3 , or CHOH; 
Y is 0, S, CH 2 , CH f CHF, or CHOH; 
10 Z is hydrogen, hydroxyl, alkyl or acyl. 

Ri is hydrogen or acyl; and 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof; 
provided that when Y is CH 2 and X is 0, S, S=0 or SO* W is not O, S, S=0 or S0 2 . 

The processes of this invention comprise the step of glycosylating a desired purine or pyrimidine base or 
15 analogue or derivative thereof with a single enantiomer of the compound of formula (II) 




(ID 



wherein R 3 is a substituted carbonyi or carbonyl derivative and L is a leaving group. Glycosylation is accom- 
plished using a Lewis acid of the formula (Hi) 

R 6 
I 6 



R 5 - Si - R 8 (III) 
*7 



wherein R* Re, R 7 , and Ra are defined below and the resulting intermediate is reduced to give a nucleoside or 
nucleoside analogue or derivative of formula (I). 

35 The processes of this invention have the advantages of allowing preparation of a nucleoside of formula (I) 
(or analogues or derivatives thereof) without using expensive starting materials, cumbersome protection and 
deprotection steps or addition and removal of 2'- or 3'-substituents. The processes of this invention produce 
nucleosides in high yields, with high purity and high optical specificity. The processes of this invention have 
the further advantage of generating nucleosides whose stereoisomeric configuration can be easily controlled 

40 simply by the selection of the appropriate starting materials. 

DETAILED DESCRIPTION OF THE INVENTION 

In the processes for preparing optically active compounds of this invention in a configuration^- and dia- 
45 stereo-selective manner, the following definitions are used: 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof. 
A purine or pyrimidine base is a purine or pyrimidine base found in naturally occurring nucleosides. An ana- 
logue thereof is a base which mimics such naturally occurring bases in that their structures (the kinds of atoms 
and their arrangement) are similar to the naturally occurring bases but may either possess additional or lack 
so certain of the functional properties of the naturally occurring bases. Such analogues include those derived by 
replacement of a CH moiety by a nitrogen atom, e.g., 5-azapyrimidines such as 5-azacytosine) or vice versa 
(e.g., 7-deazapurines, such as 7-deazaadenine or 7-deazaguanine) or both (e.g., 7-deaza, 8-azapurines). By 
derivatives of such bases or analogues are meant those bases wherein ring substituents are either incorpo- 
rated, removed, or modified by conventional substituents known in the art, e.g., halogen, hydroxyl, amino, 
55 C,^ alkyl. Such purine or pyrimidine bases, analogues and derivatives are well known to those skilled in the 
art. 

A "nucleoside analogue or derivative" is a nucleoside which has been modified in any of the following or 
combinations of the following ways: base modifications, such as addition of a substituent (e.g., 5-fluorocytosine) 

3 
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or replacement of one group by an isosteric group (e.g., 7-deazaadenine); sugar modifications, such as sub- 
stitution of the C-2 and C-3 hydroxy! groups by any substituent, including hydrogen (e.g., 2',3'-dideoxynucleo- 
sides), replacement of any ring CH group or the ring oxygen with a heteroatom; alteration of the site of attach- 
ment of the sugar to the base (e.g., pyrimidine bases usually attached to the sugar at the N-1 site may be, for 
example, attached at the N-3 or C-6 site and purines usually attached at the N-9 site may be, for example, 
attached at N-7); alteration of the site of attachment of the base to the sugar (e.g., the base may be attached 
to the sugar at C-2, such as iso-DDA); or alteration of configuration of the sugar-base linkage (e.g., cis or trans 
configurations). 

R 3 is a carbonyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkyisiloxy, C^alkyl, C 7 _3 0 aralkyl, C^ 
alkoxy, C^ amine (primary, secondary or tertiary), thiol; Ce_ 20 aryl; C U20 alkenyl; C U2 o alkynyl; 1,2-di- 
carbonyl, such as 

0 0 

II I! 

CH 3 -C-C- 



substituted with C^ alkyl or Cf^o aryl; anyhdrides such as 



O O 

II II 
CH 3 -C-0-C- 

substituted with C^ alkyl or C^ao aryl; azomethine substituted at nitrogen with hydrogen, C U2 o alkyl or C^o 
alkoxy or C UiQ dialkylamino or at carbon with hydrogen, C^ alkyl. or C1-20 alkoxy; thiocarbonyl (C=S) substi- 
tuted with hydroxyl, C^o alkoxy, or C^ thiol; a homologue of carbonyl, e.g., 

0 
II 

-CCH 2 -; 

a homologue of thiocarbonyl, e.g., 

S 

II 

-CCH 2 -; 

or a homologue of azomethine, such as 

II 

-CCH 2 -. 

The preferred substituted carbonyl/carbonyl derivatives are alkoxycarbonyls, such as methyl, ethyl, iso- 
propyl, t-butyl and menthyl; carboxyls; diethyl-carboxamide; pyrrolidine amide; methyl ketone and phenyl ke- 
tone. The more preferred substituted carbonyl/carbonyl derivatives are esters and carboxyls and the most pre- 
ferred are esters. 

R4 is a chiral auxiliary. The term "chiral auxiliary" describes asymmetric molecules that are used to effect 
the chemical resolution of a racemic mixture. Such chiral auxiliaries may possess one chiral center such as 
methylbenzylamine or several chiral centers such as menthol. The purpose of the chiral auxiliary, once built 
into the starting material, is to allow simple separation of the resulting diastereomeric mixture. See, for example, 
J. Jacques et al., Enantiomers, Racemates And Resolutions , pp. 251-369, John Wiley & Sons, New Yoric 
(1981). 
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Rs, Re and R 7 are independently selected from the group consisting of hydrogen, C^ alkyl (e.g., methyl, 
ethyl, t-butyl), optionally substituted by halogens (F, CI, Br, I), alkoxy (e.g., methoxy) or C6_ 20 aryloxy (e.g., 
phenoxy); Cj^ aralkyl (e.g., benzyl), optionally substituted by halogen, alkyl or C u2 q alkoxy (e.g., p-me- 
thoxybenzyl); c^ary! (e.g., phenyl), optionally substituted by halogens, C^ alkyl or C^o alkoxy; trialkylsilyl; 

5 halogens (F, CI, Br, I). 

Re is selected from the group consisting of halogen (F, CI, Br, I); C^ sulphonate esters, optionally sub- 
stituted by halogens (e.g., trifluoromethane sulphonate); C U2Q alkyl esters, optionally substituted by halogen 
(e.g., trifluoroacetate); polyvalent halides (e.g., triiodide); trisubstituted silyl groups of the general formula 
(R 5 )(Re)(R 7 )Si (wherein R 5 , Re, and R 7 are as defined above); saturated or unsaturated selenenyl Ce-2o aryl; 

10 substituted or unsubstituted Ce- 2 o arylsulfenyl; substituted or unsubstituted C^ alkoxyalkyl; and trialkylsiloxy. 
L is a "leaving group", i.e., an atom or a group which is displaceable upon reaction with an appropriate purine 
or pyrimidine base, with orwithout the presence of a Lewis acid. Suitable leaving groups include acyloxy groups, 
alkoxy groups, e.g., alkoxy carbonyl groups such as ethoxy carbonyl; halogens such as iodine, bromine, chlor- 

f5 ine, or fluorine; amido; azido; isocyanato; substituted or unsubstituted, saturated or unsaturated thiolates, such 
as thiomethyl or thiophenyl; substituted or unsubstituted, saturated or unsaturated seleno, seleninyi, or sele- 
nonyl compounds, such as phenyl selenide or alkyl selenide. 

A suitable leaving group may also be -OR, where R is a substituted or unsubstituted, saturated or unsatu- 
rated alkyl group, e.g., C^alkyl oralkenyl group; a substituted or unsubstituted aliphatic or aromatic acyl group, 

20 e.g., a C^ aliphatic acyl group such as acetyl and a substituted or unsubstituted aromatic acyl group such as 
benzoyl; a substituted or unsubstituted, saturated or unsaturated alkoxy or aryloxy carbonyl group, such as me- 
thyl carbonate and phenyl carbonate; substituted or unsubstituted sulphonyl imidazolide; substituted or unsub- 
stituted aliphatic or aromatic amino carbonyl group, such as phenyl carbamate; substituted or unsubstituted 
alkyl imidiate group such as trichloroacetamidate; substituted or unsubstituted, saturated or unsaturated phos- 

25 phonate, such as diethylphosphonate; substituted or unsubstituted aliphatic or aromatic sulphinyl or sulphonyl 
group, such as tosylate; or hydrogen. 

As used in this application, the term "alkyl" represents a substituted (by a halogen, hydroxyl or Ce_2o aryl) 
or unsubstituted straight chain, branched chain, or cyclic hydrocarbon moiety having 1 to 30 carbon atoms and 
preferably, from 1 to 6 carbon atoms. 

30 The terms "alkenyl" and "alkynyl" represent substituted (by a halogen, hydroxyl or Ce_2o aryl) or unsubsti- 
tuted straight, branched or cyclic hydrocarbon chains having 1 to 20 carbon atoms and preferably from 1 to 5 
carbon atoms and containing at least one unsaturated group (e.g., ally!). 

The term "alkoxy" represents a substituted or unsubstituted alkyl group containing from 1 to 30 carbon 
atoms and preferably from 1 to 6 carbon atoms, wherein the alkyl group is covalently bonded to an adjacent 

35 element through an oxygen atom (e.g., methoxy and ethoxy). 

The term "amine" represents alkyl, aryl, alkenyl, alkynyl, or aralkyl groups containing from 1 to 30 carbon 
atoms and preferably 1 to 12 carbon atoms, covalentiy bonded to an adjacent element through a nitrogen atom 
(e.g., pyrrolidine). They include primary, secondary and tertiary amines and quaternary ammonium salts. 
The term "thiol" represents alkyl, aryl, aralkyl, alkenyl or alkynyl groups containing from 1 to 30 carbon 

40 atoms and preferably from 1 to 6 carbon atoms, covalently bonded to an adjacent element through a sulfur atom 
(e.g., thiomethyl). 

The term "aryl" represents a carbocyclic moiety which may be substituted by at least one heteroatom (e.g., 
N, O, or S) and containing at least one benzenoid-type ring and preferably containing from 6 to 1 5 carbon atoms 
(e.g., phenyl and naphthyl). 
45 The term "aralkyl" represents an aryl group attached to the adjacent atom by an alkyl (e.g., benzyl). 

The tenm "alkoxyalkyl" represents an alkoxy group attached to the adjacent group by an alkyl group (e.g., 
methoxymethyl). 

The term "aryloxy" represents a substituted (by a halogen, trifluoromethyl or C^ alkoxy) or unsubstituted 
aryl moiety covalently bonded through an oxygen atom (e.g., phenoxy). 

so The term "acyl" refers to a radical derived from a carboxylic acid, substituted (by a halogen (F, CI, Br, I), 
Ce-20 aryl or C^ alkyl) or unsubstituted, by replacement of the -OH group. Like the acid to which it is related, 
an acyl radical may be aliphatic or aromatic, substituted (by a halogen, C^ alkoxyalkyl, nitro or Oa) or unsub- 
stituted, and whatever the structure of the rest of the molecule may be, the properties of the functional group 
remain essentially the same (e.g., acetyl, propionyl, isobutanoyl, pivaloyl, hexanoyl, trifluoroacetyl, chloroace- 

55 tyl, and cyclohexanoyl). 

A key feature of the processes of this invention is the use of a substituted carbonyl or carbonyl derivative 
as R 3 instead of a protected hydroxymethyl group as previously described in the art. Surprisingly, the substituted 
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carbonyl or carbonyl derivative is not cleaved by exposure to a Lewis acid, as would have been expected by 
one of skill in the art when a Lewis acid of formula (III) is added to a mixture of silylated purine or pyrimidine 
base and the sugar compound of formula (II). Instead, the substituted carbonyl/carbonyi derivative in the inter- 
mediate of formula (VI) forces the purine or pyrimidine base (R2) to add in the c/s-configuration relative to the 
substituted carbonyl/carbonyi derivative group. Without a substituted carbonyl or carbonyl derivative attached 
to C4' (for example, when a hydroxymethyl group is instead used), the coupling procedures described in Step 
4 below will result in a mixture of cis- and frans-isomers. 

Another key feature of the processes of this invention is the choice of Lewis acid. The Lewis acids used 
in the preparation of compounds of formula (I) have the general formula (III) 




wherein R* Re, R 7 and Re are as defined previously. These Lewis acids may be generated in situ or prepared 
using any method known in the art (e.g., A.H. Schmidt, "Bromotrimethylsilane and lodotrimethylsilane- Versatile 
Reagents for Organic Synthesis", Aldrichimica Acta , 14, pp. 31-38 (1981). The preferred Lewis acids of this 
invention are iodotrimethylsilane and trimethylsilyl triflate. The preferred R5, Re and R 7 groups are methyl or 
iodine. The most preferred R5, Re and R 7 group is methyl. The preferred Re groups are iodine, chlorine, bromine 
or sulphonate esters. The most preferred Re groups are iodine and trifluoromethane sulphonate. 
In the preferred process of this invention, cis- and tans-isomers of a sugar of formula (II) 



are separated by fractional crystallization and the desired configurational isomer selected. The selected cis- 
or the frans-isomer may then be chemically resolved using a chiral auxiliary. The pure chiral auxiliary-sugar 
diastereomer is then coupled to a silylated purine or pyrimidine base in the presence of a Lewis acid to afford 
an optically active nucleoside of cis- configuration which is subsequently reduced to give a nucleoside of for- 
mula (I). 

Schemes 1 A and 1 B depict this preferred process as applied to any nucleoside of formula (I). 




(ID 
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The various steps as illustrated in Schemes 1 A and 1 B may be briefly described as follows: 
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Step 1: The starting carbonyl-sugar of formula (IV) can be prepared by any method known in the art. 
E.g., Farina and Benigni, "A New Synthesis Of 2,3'-Dideoxy-nucieosides For Aids Chemotherapy", Tetrahedron 
Letters , 29, pp. 1239-1242 (1988) and M. Okabe et al. "Synthesis Of The Dideoxynucleosides ddC and CNT 
From Glutamic Acid, Ribonolactone and Pyrimidine Bases", J. Org. Chem. , 53, pp. 4780-4786 (1988). The car- 

5 bonyl group of this starting compound is reduced chemoselectiveiy with a suitable reducing agent, such as dis- 
iamylborane to give the c/s- and frans-isomers of formula (V). Ordinarily, less c/s-isomer is produced than trans. 

Step 2: The hydroxyl group in the intermediate of formula (V) is readily converted to a leaving group by 
any method known in the art (e.g., T.W. Greene Protective Groups In Organic Synthesis , pp. 50-72, John Wiley 
& Sons, New York (1981)) to give the novel intermediates of formula (II). 

10 This anomeric mixture is then separated by fractional crystallization into the two configurations! isomers. 
The solvent may be adjusted to select for either the cis- or frans-isomer. D J. Pasto and C.R. Johnson, Organic 
Structure Determination, pp. 7-10, Prentice-Hall, Inc., New Jersey (1969). 

Step 3: Either the c/s- (Scheme 1 A) or f/ans-isomer (Scheme 1 B) of formula (II) is chemically resolved using 
a chiral auxiliary (R4). A suitable chiral auxiliary is one of high optical purity and where the mirror image is readily 

15 available, such as d-and l-menthol. The resulting diastereomers of formula (VI) are easily separated by frac- 
tional crystallization. Alternatively, either the c/s- or the trans-isomer may be resolved enzymatically or by other 
methods known in the art. J. Jacques et al., Enantiomers, Racemates And Resolutions , pp. 251-369, John Wiley 
& Sons, New York (1981). 

The optical purity of the diastereomer (VI, VII or I) can be determined by chiral HPLC methods, specific 
20 rotation measurements and NMR techniques. If the opposite enantiomer is desired, it may be obtained by using 
the mirror image of the chiral auxiliary initially employed. For example, if the chiral auxiliary d-menthol produces 
a (+)-enantiomer nucleoside, its mirror image, l-menthol, will produce the (-)-enantiomer. 

Step 4: A previously silylated (or silylated in situ) purine or pyrimidine base or analogue or derivative thereof 
is then glycosylated with the resulting pure diastereomer in the presence of a Lewis acid of formula (III), such 
25 as iodotrimethylsilane (TMSI) or trimethylsilyl triflate (TMSOTf), to give a nucleoside of c/s-configuration of for- 
mula (VII). This nucleoside is optically active and is substantially free of the corresponding f/ans-isomer (i.e., 
it contains no more than 25%, preferably no more than 1 0% and more preferably no more than 5% of the trans- 
isomer). Coupling of the intermediate of formula (VI) to the purine or pyrimidine base in this step proceeds in 
higher yields with the c/s-isomer. 
30 The preferred silylating agent for pyrimidine bases is t-butyldimethylsilyl triflate. It is believed that the bulky 
t-butyl group increases yields by weakening the interaction between the Lewis acid and silylated pyrimidine 
base. 

The preferred method of mixing reagents in Step 4 is to first add the chiral auxiliary-sugar of formula (VI) 
to the silylated purine or pyrimidine base. The Lewis acid of formula (III) is then added to the mixture. 
35 Step 5: The c/s-nucleoside obtained in Step 4 may then be reduced with an appropriate reducing agent to 
remove the chiral auxiliary and give a specific stereoisomer of formula (I). The absolute configuration of this 
stereoisomer corresponds to that of the nucleoside intermediate of formula (VII). As shown in Scheme 1, either 
the c/s- (Scheme 1A) or the frans-isomers (Scheme 1B) obtained in Step 2 will yield a cis end product. 

A second process for the diastereoselective synthesis of compounds of formula (I) is illustrated by Scheme 
40 2. The process of Scheme 2 is useful when optically pure starting material may be readily obtained commercially 
or easily prepared by known methods. 

The optically active starting material is chemoselectiveiy reduced and the resulting hydroxyl group con- 
verted to a leaving group. The diastereomeric mixture may be carried on further to compounds of formula (I) 
in a manner analogous to that described in Scheme 1 . Optionally, the diastereomeric mixture may be separated 
45 by fractional crystallization and each isolated optically active diastereomer may be carried on further to com- 
pounds of formula (I). 

Scheme 2 depicts the second process of this invention as applied to any nucleoside. 
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55 The various steps involved in the synthesis of the nucleosides of formula (I) as depicted in Scheme 2 may 
be briefly described as follows: 

Step 1; The starting material of formula (IV) may be obtained commercially in optically pure form or pre- 
pared according to the procedures of Farina and Benigni, "A New Synthesis Of 2,3'-Dideoxy-nucleosides For 

10 
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Aids Chemotherapy", Tetrahedron Letters, 29, pp. 1239-1242 (1988) and M. Okabe etal. "Synthesis Of The 
Dideoxynucleosides ddC and CNT From Glutamic Acid, Ribonolactone and Pyrimidine Bases", J. Org. Chem. , 
53, pp. 4780-4786 (1988). The single isomer of formula (IV) is chemoselectively reduced by a suitable reducing 
agent, such as disiamyiborane to give a mixture of two diastereomers of formula (V). 

Step 2: The hydroxyl groups of the two diastereomers of formula (V) are converted to leaving groups by 
any method known in the art to give a mixture of two diastereomers of formula (II). 

Step 3: The diastereomeric mixture of formula (II) is reacted with previously silylated (or silylated in situ) 
purine or pyrimidine base or analogue or derivative. Then, addition of a Lewis acid of formula (111), such as io- 
dotrimethylsilane (TMSI) or trimethylsilyl triflate (TMSOTf) yields a nucleoside of c/s-configuration of formula 
(VIII). This nucleoside is substantially free of the corresponding frans-isomer. 

Step 4: The optically active c/s-nucleoside of formula (VIII) is reduced stereospecifically with a reducing 
agent preferably lithium triethylborohydride or lithium aluminum hydride and more preferably sodium borohydr- 
ide in an appropriate solvent such as tetrahydrofuran or diethyl ether to give the compound of formula (I). 

Alternatively, at the end of Step 2, either the c/s-or the frans-isomer may be separated out of the diaster- 
eomeric mixture of formula (II) by fractional crystallization or chromatography. The solvent may be adjusted to 
select for either the c/s- or the frans-isomer. The single diastereomer of formula (II) would then be carried for- 
ward as described in Steps 3 and 4 to a compound of formula (I). 

Schemes 3, 4 and 5 illustrate the application of the process of Scheme 2 to the synthesis of the enantiomers 
of c/s-dideoxynucleoside analogues. 

Although the process is illustrated using specific reagents and starting materials, it will be appreciated by 
one of skill in the art that suitable analogous reactants and starting materials may be used to prepare analogous 
compounds. 
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SCHEME 3 




55 The various steps illustrated in Scheme 3 may be briefly described as follows: 

Step 1: The starting material (2R)-5-oxo-2-tetrahydrofuran carboxylic acid (IX) is available from com- 
mercial sources or by synthesis from D-glutamic acid M. Okabe et al. "Synthesis Of The Dideoxynucleosides 
ddC and CNT From Glutamic Acid, Ribono-lactone and Pyrimidine Bases", J. Org. Chem. , 53, pp. 4780-4786 
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(1 988). The starting material is esterified with an alcohol such as ethanol in the presence of an acylating agent 
such as oxalyl chloride and an esterification catalyst such as 4-dimethylamino-pyrimidine and a base such as 
pyridine in a compatible solvent such as dichloromethane. The esterified compound is reduced with an appro- 
priate reducing agent such as disiamylborane in a compatible organic solvent, such as tetrahydrofuran (A. Pel- 
ter et al., "Borane Reagents", Academic Press, p. 426 (1988)), to give the compounds of formula (X). 

Step 2: The compounds of formula (X) is reacted with an acid chloride or acid anhydride, such as acetic 
anhydride, in the presence of pyridine and an acylation catalyst, such as 4-dimethylaminopyrimidine, to give 
the compounds of formula (XI). 

Step 3: The mixture of cis~ and frans-acetoxy compound of formula (XI) is reacted with 5-fluorocytosine or 
other pyrimidine base or analogue thereof. The purine or pyrimidine base or analogue is preferably silated with 
hexamethyldisilazane or more preferably silylated in situ with t-butyldimethylsilyl triflate in a compatible organic 
solvent, such as dichloromethane containing a hindered base, preferably 2,4,6-collidine. 

A Lewis acid, preferably one derived from the compounds of formula (III), more preferably iodotrimethylsi- 
lane or trimethyl-silyl triflate, is then added to give the cis compound of formula (XII) in a highly diastereose- 
lective manner. 

Step 5: The optically active cjs-nucleoside (with some trans- isomer) of formula (XII) is reduced stereospe- 
crfically with a reducing agent, preferably sodium borohydride in an appropriate solvent, such as ethanol to give, 
after purification, the compound of formula (XIII). 

It will be appreciated by one of skill in the art that if the enantiomer of formula (XIII) is desired, the starting 
material of formula (IX) would be (2S)-5-oxo-2-tetrahydrofuran carboxylic acid (Scheme 4) and the process 
would proceed just as described for Scheme 3. 
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The various steps illustrated in Scheme 5 may be briefly described as follows: 

Step 1 : The starting material (2R)-5-oxo-2-tetrahydrofuran carboxylic acid (IX) is esterified with an al- 
cohol such as ethanol in the presence of an acylating agent such as oxalyl chloride and an esterification catalyst 
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such as 4-dimethylamino-pyridimine and a base such as pyridine in a compatible solvent such as dichlorome- 
thane. The esterified compound is reduced with an appropriate reducing agent such as disiamylborane in a 
compatible organic solvent, such as tetrahydrofuran to give the compounds of formula (X). 

Step 2: The compounds of formula (X) is reacted with an acid chloride or acid anhydride, such as acetic 
anhydride, in the presence of pyridine and an acylation catalyst, such as 4-dimethylaminopyrimidine, to give 
the compounds of formula (XI). 

Step 3: The mixture of c/s- and frans-acetoxy compound of formula (XI) is reacted with N-acetyl cytosine 
or other pyrimidine base or analogue thereof. The purine or pyrimidine base or analogue is preferably silated 
with hexamethyldisilazane or more preferably silylated in situ with trimethylsilyl triflate in a compatible organic 
solvent, such as dichloromethane containing a hindered base, preferably 2,4,6-collidine. 

A Lewis acid, preferably one derived from the compounds of formula (III), more preferably iodotrimethylsi- 
lane, is then added to give cis nucleoside in a highly diastereoselective manner. The pure c/s- nucleoside is 
obtained by trituration with an appropriate sulvent such as ethyl acetate and hexanes. 

The N-acetyl group is hydrolyzed preferably under acidic conditions and more preferably with trifluoroacetic 
acid in a compatible organic solvent such as isopropanol, preferably under reflux, to give the deacylated com- 
pounds of formula (XIV). 

Step 4: The optically active cis-nucleoside of formula (XIV) is reduced stereospecifically with a reducing 
agent, preferably sodium borohydride in an appropriate solvent, such as ethanol to give the compound of for- 
mula (XV). 

In the diastereoselective processes of this invention, the following intermediates are of particular impor- 
tance: 




(VII) 



X Y 

wherein R 3 , R4 and L are as defined above; 

cis and frans-2R-carboethoxy-5-hydroxytetrahydrofuran; 
cis and frans-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and frans-2R-carboethoxy-5-acetoxytetrahydrofuran; 
cis and frans-2S-carboethoxy-5-acetoxytetrahydrofuran; 
VS-(N-4-acetylcytosin-1-yl)-4'R-carboethoxytetrahydrofuran; 
1'S-(cytosin-1-yl)-4'R-carboethoxytetrahydrofuran; 

rR-(5-fluorocytosin-1-yl)-4 r S-carboethoxytetrahydrofuran and 1'S-(5-fluorocytosin-1-y1)-4'S-carboe- 
thoxytetrahydrofuran; and 

1'S-(5-fluorocytosin-1-yl)-4'R-carboethoxytetrahydrofuran and 1'R-(5-fluorocytosin-1-yl)-4'R-carboe- 
thoxytetrahydrofuran. 
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The following examples illustrate the present invention in a manner of which it can be practiced but, as 
such, should not be construed as limitations upon the overall scope of the processes of this invention. Except 
where specifically noted, all [<x] D measurements were recorded at ambient temperature. 

5 Example 1 

R-CARBOETHOXY-5-OXO-TETRAHYDROFURAN 



To a cold (0°C) stirred solution of 5-oxo-2R-tetrahydrofurancarboxylic acid (3 g, 23 mmol), 4-dimethylami- 
15 nopyridine (141 mg, 0.05 equivalents), and pyridine (3.92 mL, 2.1 equivalents) in dichloromethane (15 mL) un- 
der an argon atmosphere was added oxalyl chloride (2.11 mL, 1.05 equivalents) over a period of 30 minutes. 
The cooling bath was removed and the reaction mixture was stirred at room temperature for 1 0 minutes. Ethanol 
(2.0 mL, 1.5 equivalents) was introduced and stirring was continued for another 1 hour 40 minutes. The reaction 
mixture was diluted with water and dichloromethane, followed by stirring for 10 minutes. The resultant mixture 
20 was transferred to a separatory funnel. The aqueous phase was removed and the organic layer was washed 
with 1 M HCI, saturated NaHC0 3 , brine, and then was dried (Na 2 S0 4 ). The solvent was evaporated under re- 
duced pressure and the crude product thus obtained was subjected to column chromatography (1:1 EtOAc- 
Hexane) to afford 3.23 g of the desired product as a syrup. 1 H NMR (CDCI 3 ):5 1 .28 (t, 3H, J=7.1 Hz). 2.20-2.40 
(m, 1H), 4.23 (d of q 2H, J=0.9, 7.1 Hz), 4.86-4.96 (m 1H). 

25 

Example 2 

CIS AND rRA/VS-2R-CARBOETHOXY-5-HYDROXYTETRAHYDROFURAN 

30 

EtOjC 



35 

A solution of disiamylborane was prepared by mixing 35 mL of BH 3 THF (1 M in THF) and 35 mL of 2-methyl- 
2-butene (2 M in THF) at 0°C followed by stirring at 0°C for 75 minutes. To this solution was introduced 2R- 
carboethoxy-5-oxotetrahydrofuran dissolved in THF (6 mL). The resultant mixture was allowed to warm slowly 
to room temperature over a period of 2.5 hours and then was stirred for another 1 5 hours. Saturated ammonium 

40 chloride solution was added, followed by dilution with EtOAc. The above mixture was stirred for 10 minutes 
and then was transferred to a separatory funnel. The organic phase was washed successively with saturated 
NH 4 CI, brine, and then was dried (Na 2 S0 4 ). The solvent was removed on a rotary evaporator and the crude 
product obtained was purified by column chromatography (40% EtOAc-Hexanes). The desired products were 
isolated in 70% yield (2.05 g) as a 2:3 mixture of isomer epimeric at C5. Trace amount of the open form isomer 

45 was also detected ( 1 H NMR). The title compounds displayed the following spectral characteristics: 1 H NMR 
(CDCI 3 ): 5 1.28 (t, 2H, J=7.1 Hz), 1.30 (t, 1H, J=7.1 Hz), 1.85-2.70 (m, 4H), 2.59 (d, 0.33H, J=5.5 Hz), 2.88 (d, 
0.67H, J=3.1 Hz), 4.15-4.65 (m, 2H), 4.57 (d of d, 0.33H, J=6.4, 8.3 Hz), 4.70 (d of d, 0.67H, J=4.1, 8.7 Hz), 
5.59 (m, 0.33H), 5.74 (m, 0.67H). 

50 Example 3 

CIS AND rRAMS-2R-CARBOETHOXY-5-ACETOXYTETRAHYDROFURAN 
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To a cold (-78°C) stirred solution of a 2:3 mixture of cis and frans-2R-carboethoxy-5- 
hydroxytetrahydrofuran (2.04 g, 1 2.75 mmol), pyridine (1 .24 mL, 1 .2 equivalents), and 4-dimethylaminopyridine 
(16 mg, 0.01 equivalent) in dichloromethane (20 mL) was added acetyl chloride (1.09 mL, 1.2 equivalents) over 
a period of 5 minutes. The resultant mixture was stirred for 10 minutes. The -78°C cooling bath was then re- 
5 placed with an ice-water bath. Stirring was continued for 4.5 hours while the bath temperature was allowed to 
warm slowly to room temperature. The reaction mixture was diluted with dichloromethane and then was trans- 
ferred to a separatory funnel. The organic layer was washed successively with water, 1 M HCI, saturated NaH- 
C0 3 , brine and then was dried (Na 2 S0 4 ). The solvent was removed on a rotary evaporator and the crude product 
obtained was purified by column chromatography (40% EtOAc-Hexane) to provide 1.757 g of the title corn- 
to pounds (a 5:4 mixture) as a thick oil. NMR (CDCI 3 ); 8 1.28 (t, 1.68H, J=7.1 Hz), 1.29 (t, 1.32H, J=7.1 Hz), 
1.90-2.30 (m, 3H), 2.30-2.50 (m, 1H), 4.10-4.30 (m, 2H), 4.59 (t, 0.44H, J=8.0 Hz), 4.70 (d of d, 0.56H, J=3.2, 
8.9 Hz), 6.33 (d of d, 0.44H, J=1.1, 3.9 Hz), 6.46 (d, 0.56H, J=4.5 Hz). 

Example 4 

15 

rS-(N-4-ACETYLCYTOSIN-1-YL)-4'R-CARBOETHOXYTETRAHYDRQFURAN 



20 




25 

To a stirred suspension of N-4-acetylcytosine (50 mg, 0298 mmol) in dichloromethane (0.75 mL) contain- 
ing 2,6-lutidine (35 \±, 0.298 mmol) under an argon atmosphere was added trimethylsilyl trifluoromethanesul- 
phonate (58 *iL, 0.298 mmol). The resulting mixture was stirred for 15 minutes to give a light suspension. A 
solution of a 5:4 mixture of e/s-and frans-2R-carboethoxy-5-acetoxytetrahydrofuran (50 mg, 0.248 mmol) in di- 

30 chloromethane (1 mL) and iodotrimethylsilane (35 *iL, 0.248 mmol) was sequentially introduced into the above 
suspension to generate a homogeneous solution. The reaction was allowed to proceed at room temperature 
for 1 hour and 40 minutes and then was quenched with a half-saturated solution of Na 2 S 2 0 3 . The resulting mix- 
ture was stirred for 5 minutes and then was transferred to a separatory funnel with the aid of more dichlorome- 
thane. The aqueous phase was removed and the organic layer was washed with saturated Na 2 S 2 0 3 , water, 

35 brine and then was dried (Na 2 S0 4 ). The combined aqueous washings were reextracted with dichloromethane. 
The organic extracts were combined and concentrated under reduced pressure to provide 83 mg of the crude 
product 1 H NMR analysis of the crude product indicated that a cis and trans (4:1) mixture of the expected nu- 
cleosides was generated. The crude product was dissolved in a minimum amount of chloroform. Addition of a 
3:7 mixture of EtOAc-hexanes into this solution produced a white precipitate which was collected by suction 

40 filtration. Drying of this solid under vacuum afforded 25 mg (32%) of the title compound. 1 H NMR (CDCI 3 ): 5 
1 .33 (t, 3H, J=7.1 Hz), 1 .90-2.08 (m, 1 H), 2.08-2.30 (m, 1 H), 2.23 (s, 3H), 4.20-4.40 (m, 2H), 4.64 (t, 1 H, J=7.2 
Hz), 6.15 (d of d, 1H, J=4.0, 5.9 Hz), 7.46 (d, 1H, J=7.5 Hz), 8.34 (br s, 1H), 8.82 (d, 1H, J=7.5 Hz). 

The washing was concentrated to give 58 mg of a cis and trans mixture (5:2) of the title compound and its 
V isomer. 

45 

Example 5 

P-L-2\3'-DIDEOXYCYTIDINE 



55 




A mixture of VS-(N-4-acetylcytosin-1-yl)-4'R-carboethoxytetrahydro1ijran (49 mg, 0.158 mmol, contains 
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ca. 4% of the corresponding 1'R isomer) and trifluoroacetic acid (24 nL, 2 equivalents) in ethanol (1 mL) was 
refluxed under an argon atmosphere for 2 hours and 40 minutes. The resultant mixture consisting of 1'S-(cy- 
tosine-1-yl)-4'R-carboethoxytetrahydrofuran and its 1' epimer was cooled to room temperature and then was 
diluted with ethanol (0.5 mL). Sodium borohydride (18 mg, 3 equivalents) was introduced and the reaction mix- 

5 ture was stirred for 1.5 hours. More reducing agent (6 mg) was added and stirring was continued for another 
1 hour 20 minutes. The reaction was quenched by the addition of 2 drops of concentrated ammonium hydroxide 
followed by rigorous stirring for 1 5 minutes. The solvent was evaporated under reduced pressure and the crude 
product obtained was subjected to column chromatography (30% MeOH-EtOAc) to provide 28 mg (84%) of 
the title compound. The 1 H NMR spectrum of this material indicated the presence of ca. 3% of the corresponding 

10 1'R isomer. This material was dissolved in a minimum amount of methanol. Addition of diethyl ether to this sol- 
ution generated 20 mg (60%) of the title compound as a crystalline white precipitate free of the 1 'R isomer ( 1 H 
NMR). The title compound displayed the following spectral characteristics: 1 H NMR (CD 3 OD):6 1.60-2.00 (m, 
3H) f 2.25-2.43 (m, 1H), 3.59 (d of d, 1H, J=4.1, 12.2 Hz), 3.78 (d of d, 1H, J=3.1, 12.2 Hz), 4.00-4.12 (m, 1H), 
5.78 (d, 1H, J=7.4 Hz), 5.92 (d of d, 1H, J=3.1, 6.7 Hz), 8.02 (d, 1H, J=7.5 Hz). 

15 

Example 6 

VR-tS-FLUOROCYTOSIN-l-YLH'S-CARBOETHOXYTETRAHYDROFURAN AND 1'S-(5-FLUOROCYTO- 
SlN-1-YL)-4'S-CARBOETHOXYTETRAHYDROFURAN 

20 



25 




To a stirred suspension of 5-fluorocytosine (192 mg, 1 .49 mmol) in dichloromethane (2 mL) containing 2,6- 
30 lutidine (346 ^L, 2.98 mmol) under an argon atmosphere was added t-butyldimethylsilyl trifluoromethanesul- 
phonate 678 \iL, 2.98 mmol). The resulting mixture was stirred for 15 minutes to give a homogeneous solution. 
A solution of a 2:1 mixture of 2S-carboethoxy-5R-acetoxytetrahydrofuran and 2S-carboethoxy-5S-acetoxyte- 
trahydrofuran (250 mg, 1 .24 mmol) in dichloromethane (2 mL) and iodotrimethylsilane (1 76 hU 1 .24 mmol) was 
sequentially introduced into the above solution. The reaction was allowed to proceed at room temperature for 
35 1 hour and 30 minutes and then was quenched with a half-saturated solution of Na 2 S20 3 . The resulting mixture 
was stirred for 5 minutes and then was transferred to a separatory funnel. The aqueous phase was removed 
and the organic layer was washed with saturated Na 2 S 2 03, water, brine and then was dried (NaaSO^. The sol- 
vent was removed under reduced pressure to provide the crude product which was subjected to column chro- 
matography (1 5% MeOH-EtOAc) to afford 1 99 mg (59%) of the title compounds as a mixture [7: 1 (1 'R,4'S):(1 'S, 
40 4'S) by 1 H NMR). The product displayed the following spectral characteristics: 1 H NMR (CDCI 3 ): 8 1.15-1.40 
(2 overlapping t, 3H), 1.90-2.15 (m, 2H), 2.25-2.55 (m, 2H), 4.15-4.35 (m, 2H), 4.54 (m, 0.87 Hz), 4.82 (d of d, 
0.13H, J=4.4, 8.0 Hz), 5.70-6.80 (unresolved m, 1H), 6.09 (m, 1H), 7.40 (d, 0.13H, J=6.7 Hz), 7.90-8.60 (un- 
resolved m, 1H), 8.48 (d, 0.87H, J=6.7 Hz). 

45 Example 7 

1'S-(5-FLUOROCYTOSIN-1 -YL)-4'R-CARBOETHQXYTETRAHYDROFURAN AND 1 'R-(5-FLUOROCYTO- 
Sl N- 1 -YL)-4'R-CARBOETHOXYTETRAHYDROF U RAN 



50 



55 




To a stirred suspension of 5-fluorocytosine (38 mg, 0.297 mmol) in dichloromethane (1 mL) containing 2,6- 
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lutidine (69 nL, 0.594 mmol) under an argon atmosphere was added t-butyldimethylsilyl trifluoromethanesul- 
phonate (1 37 ^L, 0.594 mmol). The resulting mixture was stirred for 1 5 minutes to give a homogeneous solution. 
A solution of a 5:4 mixture of 2R-carboethoxy-5S-acetoxytetrahydrofuran and 2R-carboethoxy-5R-acetoxyte- 
trahydrofuran (50 mg, 0.248 mmol) in dichloromethane (1 mL) and iodotrimethylsilane (35 nL, 0.248 mmol) was 

5 sequentially introduced into the above solution. The reaction was allowed to proceed at room temperature for 
1 hour and 45 minutes and then was quenched with a half-saturated solution of Na 2 S 2 0 3 . The resulting mixture 
was stirred for 5 minutes and then was transferred to a separatory funnel. The aqueous phase was removed 
and the organic layer was washed with saturated Na 2 S 2 0 3l water, brine and then was dried (Na 2 S0 4 ). The sol- 
vent was removed under reduced pressure to provide the crude product which was subjected to column chro- 

10 matography (1 5% MeOH-EtOAc) to afford 52 mg (77%) of the title compounds as a 1 1 :2 [(1 'R,4'R):(1 'S,4'R)] 
mixture ( 1 H NMR). The product displayed the following spectral characteristics: 1 H NMR (CDCI 3 ):8 1.15-1.40 
(2 overlapping t, 3H), 1.90-2.10 (m, 2H), 2.25-2.60 (m, 2H), 4.15-4.35 (m, 2H), 4.57 (m, 0.85 Hz), 4.84 (d of d, 
0.15H, J=4.2 ( 7.8 Hz), 5.50-6.30 (unresolved m, 1H), 6.09 (m, 1H), 7.43 (d, 0.15H, J=6.7 Hz), 7.50-9.00 (un- 
resolved m, 1H), 8.56 (d, 0.85H, J=6.7 Hz). 

15 

Example 8 

p-L-(5-FLUORO>2S3'-DlDEOXYCYTIPINE 



25 




To a cold (0°C) stirred suspension of 1'R-(5-fluorocytosin-1-yl)-4'R-carboethoxytetrahydrofuran and 1'S- 
(S-fluorocytosin-l-ylH'R-carboethoxytetrahydrofuran [307 mg, 1.133 mmol, a 4:1 (1'R,4'R):(1'S, 4'R) mixture 

30 of the isomers] in 4 mL of ethanol was added sodium borohydride (86 mg, 2 equivalents). The resultant mixture 
was stirred for 5 minutes and the cooling bath was removed. Stirring was continued for 75 minutes at room 
temperature. The reaction was quenched by the addition of 4 drops of concentrated ammonium hydroxide. After 
the mixture had been stirred for 15 minutes, the solvent was removed under reduced pressure and the crude 
product was subjected to column chromatography (25% MeOH-EtOAc) to provide 197 mg (76%) of the expect- 

35 ed 4'-hydroxymethyl products as a 4:1 mixture. One of the fractions collected was found to contain the title com- 
pound in 97% purity ( 1 H NMR). This fraction was concentrated to give 14 mg of a light beige coloured foam. 
UV (X^: 282.7, 236.4, 206.7 nm (MeOH); [a] D -81° (c, 0.7 MeOH); 'H NMR (CD 3 OD): 8 1.77-1.90 (m, 2H), 
1.90-2.03 (m, 1H), 2.25-2.42 (m, 1H), 3.61 (d of d, 1H, J=3.3, 12.3 Hz), 3.82 (d of d, 1H, J=2.8, 12.3 Hz), 4.06 
(m, 1H), 5.87 (m, 1H), 8.32 (d, 1H, J=7.0 Hz). 

40 

Example 9 

p-D-(5-FLUORO)-2 y ,3^DIDEOXYCYTIDINE 



50 




To a cold (0°C) stirred suspension of 1'R-(5-fluorocytosin-1-yl)-4'S-carboethoxytetrahydrofuran and 1'S- 
(5-fluorocytosin-1-yl)-4'S-carboethoxytetrahydrofuran [199 mg, 0.734 mmol, a 7:1 (1'R,4'S):(1'S, 4'S) mixture 
55 of the isomers] in 3 mL of ethanol was added sodium borohydride (56 mg, 2 equivalents). The resultant mixture 
was stirred for 5 minutes and the cooling bath was removed. Stirring was continued overnight (ca. 16 hours) 
at room temperature. The reaction was quenched by the addition of 4 drops of concentrated ammonium hy- 
droxide. After the mixture has been stirred for 15 minutes, the solvent was removed under reduced pressure 
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and the crude product was subjected to column chromatography (20% MEOH-EtOAc) to provide 1 12 mg (67%) 
of the expected 4'-hydroxymethyl products as a 7:1 (1'R,4'S):(1'S,4'S) mixture ( 1 H NMR). One of the fractions 
collected was found to contain the title compound only (H NMR). This fraction was concentrated in vacuo to 
give 27 mg of a white foam; UV (X max ): 283.6, 238.2, 202.4 nm (MeOH); [a] D +96° (c, 0.7 MeOH); 1 H NMR 
(CD 3 OD): 8 1.77-1.90 (m, 2H), 1.90-2.03 (m, 1H), 2.25-2.42 (m, 1H), 3.61 (d of d, 1H, J=3.3, 12.3 Hz), 3.82 (d 
of d, 1H, J=2.8, 12.3 Hz), 4.06 (m, 1H), 5.87 (m, 1H), 8.32 (d, 1H, J=7.0 Hz). 

While we have presented a number of embodiments of our invention, many alternatives, modifications and 
variations of these embodiments will be apparent to those of ordinary skill in the art. Therefore, it will be ap- 
preciated that the scope of this invention is to be defined by the following claims, rather than the specific ex- 
amples presented above. 



Claims 

1 . A diastereoselective process for producing optically active cis-nucleosides and nucleoside analogues and 
derivatives of formula (I) 



YY 



"lOCH, W 

CD 



wherein 

R 1 is hydrogen or acyl; 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof; 
W is S, S=0, or S0 2 , O, NZ, or CH 2 ; 

X is O, S, S=0, or S0 2 , O, NZ, CH 2 , CHF, CH, CHN 3 , or CHOH; 
Y is O, S, CH 2 , CH, CHF, or CHOH; and 
Z is hydrogen, hydroxyl, alkyl or acyl; 

provided that W is not O, S, S=0 or S0 2 when Y is CH 2 and X is O, S, S=0 or S0 2 ; 
the process comprising the step of glycosylating the desired purine or pyrimidine base or analogue or der- 
ivative thereof with a single enantiomer of the compound of formula (II) 




(ID 



wherein 

R 3 is a substituted carbonyl or carbonyi derivative; and 
L is a leaving group, 
using a Lewis acid of the formula (III) 



R 5 " - R 8 



(III) 



wherein 

R 5> Re and R 7 are independently selected from the group consisting of hydrogen; C U2 q alkyl option- 
ally substituted by fluoro, bromo, chloro, iodo, C^ alkoxy or C^m aryloxy; C7- 20 aralkyl optionally substi- 
tuted by halogen, C^o alkyl or C^ alkoxy; C«.2o aryl optionally substituted by fluoro, bromo, chloro, iodo, 
Ci-2o alkyl or C^ alkoxy; trialkylsilyl; fluoro; bromo; chloro and iodo; and 
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Rs is selected from the group consisting of fluoro; bromo; chloro; iodo; sulphonate esters, op- 
tionally substituted by fluoro, bromo, chloro or iodo; C^*, alkyl esters optionally substituted by fluoro, bro- 
mo, chloro or iodo; polyvalent halides; trisubstituted silyl groups of the general formula (RgXReXR^Si 
(wherein Rij, Re, and R 7 are as defined above); saturated or unsaturated selenenyi C^o aryl; substituted 
or unsubstituted C^o arylsulfenyl; substituted or unsubstituted C^ alkoxyalkyl; and trialkytsiloxy. 

2. The process according to claim 1 , further comprising the step of reducing R3 of the glycosylated purine 
or pyrimidine base or analogue or derivitive therof to produce the optically active c/s-nucleoside or nucleo- 
side analogue or derivative of formula (I). 

3. The process according to claim 1 , further comprising the step of resolving the compound of formula (II) 
into a single enantiomer using a chiral auxiliary before glycosylating the desired purine or pyrimidine base. 

4. The process according to any one of claims 1 to 3, wherein R 2 is a pyrimidine base. 

5. The process according to claim 4, wherein the pyrimidine base is cytosine. 

6. The process according to claim 4, wherein the pyrimidine base is 5-fluorocytosine. 

7. The process according to any one of claims 1 to 3, wherein the Lewis acid is selected from the group con- 
sisting of trimethylsilyl triflate and iodotrimethylsilane. 

8. The process according to claim 3, wherein the chiral auxiliary is selected from the group consisting of (d)- 
menthol and (l)-menthol. 

9. The process according to any one of claims 1 to 3 f wherein R 3 is selected from the group consisting of 
alkoxycarbonyls, carboxyls, diethylcarboxamide, pyrrolidine amide, methyl ketone and phenyl ketone. 

1 0. The process according to claim 9, wherein the R 3 is selected from the group consisting of alkoxycarbonyls 
and carboxyls. 

11. An intermediate of formula (II) 



wherein 

W is O, S, S=0, S0 2 , NZ, or CH 2 ; 

X is O, S, S=0, S0 2 , NZ, CH 2 CHF, CH, CHN 3 , or CHOH; 

Y is O, S, CH 2 , CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; provided that when Y is CH 2 and X is O, S, S=0 or S0 2 , W 
is not 0,S,S=0 or S0 2 ; 

R 3 is a substituted carbonyl or carbonyl derivative; and 
L is a leaving group. 

12. An intermediate of formula (VI) 




(ID 




L 



(VI) 



wherein 



W is O, S, S=0, S0 2 , NZ, or CH 2 ; 

X is O, S, S=0, S0 2 , NZ, CH 2 , CHF, CH, CHN 3> or CHOH; 



22 



EP 0 515 156 A1 



Y is 0, S, CH 2 , CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alky! or acyl; provided that when Y is CH 2 and X is O, S, S=0 or S0 2 , W 
is notO, S, SO or S0 2 ; 

R 3 is a substituted carbonyl or carbony) derivative; 
R4 is a chiral auxiliary; and 
L is a leaving group. 

13. An intermediate of formula (VII) 




(VII) 



wherein 

W is O, S, S=0, S0 2 , NZ, or CH 2 ; 

X is O. S f S=0, S0 2 , NZ, CH 2 CHF, CH, CHN 3 , or CHOH; 

Y is O, S, CH 2 , CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; provided that when Y is CH 2 and X is O, S, S=0 or S0 2 , W 
is not O, S, S=0 or S0 2 ; 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof; 
R 3 is a substituted carbonyl or carbonyl derivative; and 
R4 is a chiral auxiliary. 

14. An intermediate of formula (VIII) 




(VIII) 



wherein 

W is 0, S, S=0, S0 2 , NZ, or CH 2 ; 

X is O, S, S=0, S0 2 , NZ, CH 2 CHF, CH, CHN 3 , or CHOH; 

Y is 0, S, CH 2 , CH, CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; provided that when Y is CH 2 and X is O, S, S=0 or S0 2 , W 
is not O, S, S=0 or S0 2 ; 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof; and 
R 3 is a substituted carbonyl or carbonyl derivative. 

15. An intermediate selected from the group consisting of: 

cis and fAans-2R-carboethoxy-5-hydroxytetrahydrofuran; 
cis and tens-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and frans-2R-carboethoxy-5-acetoxytetrahydrofuran; 
cis and ter7s-2S-carboethoxy-5-acetoxytetrahydrofuran; 
1'S-(N-4-acetylcytosin-1-yl)-4'R-carboethoxytetrahydroturan; 
VS-(cytosin-1-yl)-4'R-carboethoxytetrahydrofuran; 

1 'R-(5-fluorocytosin-1-yl)-4'S-carboethoxytetrahydrofuran and 1 'S-(5-fluorocytosin-1 -yl)-4'S-car- 
boethoxytetrahydrofuran; and 

1 'S-(5-fluorocytosin-1-yl)-4'R-carboethoxytetrahydrofuran and 1 'R-(5-fluorocytosin-1 -yl)-4'R-car- 
boethoxytetrahydrofuran. 
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